A drug of abuse, Foxy or Methoxy Foxy gained popularity among recreational users as an alternative to MDMA (Ecstasy). Considerable research into the consequences of MDMA use is available, yet much remains unknown about the neurobiological consequences of Foxy use. In addition, research into the long-term neuropsychological repercussions associated with these two compounds remains incomplete. The goal of the present research was to explore the effects of MDMA or Foxy on cognitive processes associated with adolescent exposure considered over much of the lifespan. Here we investigated whether the reported effects following adolescent exposure resolved in early adulthood or continued throughout life. The protocol involved repeated doses of either MDMA or Foxy during the period defined as mid-adolescence (postnatal days 34 -46) in rats, followed by the use of four series of learning and memory tasks repeated at different points in the rodent lifespan. At four time points in adulthood, the animals were trained and tested on a on a series of spatial and nonspatial memory tasks designed to assess the impact and severity of Foxy and MDMA. Oddly, MDMA-treated rats were impaired on a step down passive avoidance task. The performance of the drug-treated rats was markedly inferior to that of the control animals on more demanding water maze tasks, with some results suggesting a lack of flexibility in adapting to changing task demands. MDMA rats were the most impaired. While some persistent cognitive deficits were found, no significant group differences in serotonin or dopamine levels were found in any of the measured regions of the brain changes, cortical or subcortical. These results provide evidence for compromised neurocognition that continues long after drug exposure in the How to cite this paper:
Introduction
While adolescence is time of considerable neurodevelopmental change, it is also characterized as a period marked with significant risk-taking behavior [1] [2] . One of such set of adolescent risk-taking behaviors involves the use of "club drugs" such as 3,4-Methylenedioxymethamphetamine (MDMA, "ecstasy") [3] , a drug with a variety of potential neurotoxic effects [4] . Owing to the fact that the limbic areas and prefrontal cortex continue to undergo considerable maturational change, the adolescent brain is particularly susceptible to the putative neurotoxic effects associated with MDMA use [3] [5] [6] [7] .
The recreational use of MDMA is associated with reported effects including euphoria [8] , enhanced confidence [9] , and deeper pro-social feelings and empathy for others leading to its characterizations as an empathogen [10] . Additionally, a number of neuropsychological deficits associated with MDMA have been reported [11] [12] [13] . Various processes have been implicated, including excitotoxicity and oxidative stress [14] , yet full molecular changes driving these neurotoxic effects remain to be fully elucidated [15] . The consensus is that there is an MDMA-induced neurodegeneration of serotonin terminals [15] [16] and that this compound produces a reduction in CNS serotonin and dopamine levels in areas of the brain [17] central for normal learning and memory to occur [18] .
Indolealkylamines (IAA) are a class of chemical derivatives of 5-hydroxytryptamine (5-HT, serotonin) [19] , which principally act on 5-HT systems [20] . As a neurotransmitter, 5-HT has been implicated in a number of processes including attention, cognition, and memory, dreaming, and pain regulation [21] . Some IAAs have been used for medical purposes, with others used in religious rites [22] . Unfortunately, as a class which include compounds such as LSD, psilocybin, they have considerable potential for recreational abuse and are classified under the Controlled Substances Act. Of interest here, one drug, 5-methoxy-N, N-diisopropyltryptamine (5-MeO-DIPT; Foxy), has properties similar to other tryptaminergic hallucinogens [23] leading recreational users of MDMA and other compounds to experiment with it [24] .
Research into the effects of Foxy with rodent models have led to reports of Foxy-associated deficits [24] [25] [26] [27] . While the specific effects associated with exposure to Foxy remains to be elucidated, the available evidence is suggestive of deficits primarily associated with compromised attentional processes and [28] . Response perseveration is considered distinct from motor or motivational deficits and is considered an indicator of impaired cognition. Such impairments, when found, are associated with a disruption in the ability to flexibly change behavior(s) as task demands change. As such, response perseveration involves a maladaptive change in executive function [29] .
Although the available evidence is considerable, most of the measures of behavioral performance occur within the confines of a short-term investigation or cross-sectional comparison [30] . In humans, both cross-sectional and, more rarely, longitudinal studies have suggested MDMA associated deficits on a variety of assessments of learning and memory performance [13] . Reported MDMA-associated impairments involve multiple cognitive domains, including executive function and planning, working memory, and retrospective as well as prospective memory [11] [31]- [37] . Unfortunately, when considered from a methodological viewpoint, definitive conclusions derived from this body of research are problematic [30] . Indeed, the quasi-experimental nature of most of the reports are limited by the issues associated with the use of pre-existing groups, selection biases, and such confounding variables as polydrug use. For example, there are reports of equivalent cognitive deficits when ecstasy and nonecstasy drug users are matched by other types of drug use for comparison [38] [39] [40] . Nonetheless, other researchers have reported greater cognitive deficits among ecstasy users [35] [41]. Thus, given the legal (i.e., US DEA Schedule I) and ethical constraints (US HHS, 45 C.F.R. §46, 2009, [42] ) associated with administering MDMA and other club drugs to humans, animal models allow for the critical assessment of the neurotoxic effects these compounds without the methodological shortcomings associated much of the work with humans [43] .
Rat adolescence is defined as the period from the 21st postnatal day (PND) until about PND 60 [44] . Further, rat adolescence can be subdivided into mid adolescence (PNDs 34 to 46) and late adolescence (PNDs 46 to 59). The two developmental periods are considered analogous to periadolescence and late adolescence/early adulthood [44] . Using this framework as a model of neuropsychological development, comparative evaluation and extrapolation to humans is possible [7] . Thus, the use of adolescent rats permits the examination into the developmental consequences associated with two drugs of abuse at various points in biological and neurocognitive development.
Developmental investigations of the effects MDMA, suggest the age of exposure to be a critical variable [45] . For example, Broening and colleagues found that rats exposed to MDMA on PND 1 through 10 were unimpaired when tested on sequential and spatial learning tasks as adults. However, MDMA exposure on PND 11 through 20 resulted in dose-dependent learning and memory deficits when tested on a series of tasks at PNDs 59 through 82 [46] . Despite efforts to reduce the use MDMA, including the introduction of more effective restrictions in precursor control [53] , the drug remains an issue of concern [54] . Indeed, a decline in perceived risk of harm has been observed in a survey of teens [55] . Further, although a slight decline since 2003 has been observed, in 2015 roughly 7% of adults have used MDMA, with peak use during early (i.e., 18 -25) adulthood [56] . Noteworthy, reports of the consequences of recreational use of ecstasy point to severe toxicity, symptoms of which include impairments of prospective and retrospective memory [12] and a variety of physiological effects such as hyperthermia and hypertension [57] [58] .
While the studies discussed here are suggestive, only limited data exists on the long-term consequences associated with MDMA or Foxy use, with little information available that longitudinally tracks the effects of these compounds across an extended period of time. Generally, the use of assessments having occurred at a specific time point in the life of the research subject, and using different methodologies, make age-related progression of deterioration associated with these compounds, if any, a challenge. Although there is evidence of persistent deficits following adolescent exposure of these two compounds [24] [27], including a few reports of MDMA or Foxy associated deficits in a rodent rave paradigm [28] [59], no research has extended the testing period beyond a few months following the drug exposure period. As noted earlier, although a number of cross-sectional and some longitudinal investigations with humans as subjects suggest lingering deficits in cognitive performance following MDMA abuse [13] , such studies typically have substantial methodological limitations [30] . Our protocol involved repeated doses of either MDMA or Foxy during the period defined as adolescence in rats (i.e., PNDs 34 -59), followed by the use of four series of learning and memory tasks repeated at different points in the rodent lifespan. Therefore, the goal of the present investigation was to examine further the effects of MDMA or Foxy on cognitive processes associated with adolescent exposure across the lifespan. Specifically, here we considered whether the reported effects following adolescent exposure resolved in early adulthood or continued throughout life.
Method

Subjects
Twenty-one male Long-Evans rats Wistar rats (~100 g at first injection) were used to assess the long-term effects of MDMA or Foxy. The rats were individually housed in standard stainless-steel cages under standard laboratory conditions of lighting (07:00-19:00 h), with an ambient temperature (19˚C -21˚C) and humidity between 45% and 50%. Food and water were freely available throughout the investigation. After a one week facility acclimation period and prior to 
Drugs and Drug Administration
Drug exposure began when the rats were in the mid-adolescent period of development (i.e., 35 days old). The rats received a total of six injections of MDMA (5 mg/kg; Sigma-Aldrich, St. Louis, MO), Foxy (5 mg/kg; Biosynth International, Naperville, IL), or a corresponding injection volume of isotonic saline. Drugs were injected intraperitoneally (IP) at a constant volume of 2 ml/kg. The injections were delivered at a rate of one injection session every 48 hours. Initial behavioral testing occurred in adulthood when the rats were 111 days old and had been drug free for 66 days.
Apparatus-Morris Water Maze (MWM)
All variations of spatial and nonspatial assessments took place in a circular white acrylic plastic swimming pool 183 cm in diameter. Depending on the assessment, different extra-maze cues and escape parameters were employed. With the exception of the cued water maze phase of the experiment (see following), the depth of the water was held constant at 30 cm and made an opaque white color using a nontoxic water-based paint (Sargant Art, Hazelton, PA). The swimming pool and associated cues were located in a quiet testing room approximately 36.88 square meters in size. The number of external stimuli available to aid navigation when viewed from the surface of the pool was limited by the use of white curtain panels that surrounded the pool and obscured distal cues on two of four walls. Except on probe trial tests, a flat white escape platform (15 cm × 15 cm) was used throughout all phases of training and testing. The platform was located 18 cm from the wall of the swimming pool, thus necessitating that the rat swim away from the swimming pool wall in order to locate the platform. For the cued water maze task described below, the platform projected 15 mm above the surface of the water. For all other phases of the experiment, the escape platform was submerged to a depth of 15 mm below the surface of the water. white 10.16 cm squares. Activity measures included the number of squares crossed during the measurement period and the number of times the rats reared onto their hind legs. Lastly, motivational and sensorimotor deficits were assessed using a cued version of the MWM task described below.
Step-Down Passive Avoidance Testing
Step-down passive avoidance testing took place in a standard operant chamber (21-cm × 28-cm; Lafayette Model 84,022) with a stainless steel electrified grid floor. A 10.14-cm × 10.14 cm platform was located in the center of the chamber.
Whenever the rat left the platform, physically touching the grid floor, a 4 mA current of foot shock was delivered.
Water Maze Tasks
Water maze protocols were employed to assess rodent learning and memory.
For the cued place learning task, the platform was 15 mm above the water's surface; For the rest of the tasks, the platform was submerged to a depth of 15 mm below the surface of the water (the place & spatial learning set tasks). On a given trial during the spatial segments of the experiment, the rat was gently released into the pool at one of four compass points, labeled west, east, north, or south, and allowed a maximum of 60 sec per trial to reach the escape platform. The platform location was positioned at one of four compass positions-southwest, southeast, northeast, or northwest. Escape times to the platform were recorded with a stopwatch and errors, operationally defined as crossing one of four quadrants associated with the four cardinal compass points, were recorded.
1) Simple (Cued) Place Learning
The cued place learning MWM navigation task was administered the day after step-down passive avoidance testing. Using a visible escape platform, this phase allowed for the assessment of nonassociative influences-general swimming ability, motivational deficiencies, and nondeclarative memory ability-that could influence performance during the spatial place and learning set tasks. The task included two days with 10 trials per day with the escape platform located in one of four possible locations. After successfully navigating to the platform, the rats were allowed to rest on it for about 15 sec before the next trial.
2) Spatial Water Maze Tasks
The next two phases of the protocol were tests of spatial reference memory that varied in difficulty. The tasks involved learning the location of a submerged platform that remained constant across all trials within a given phase of the experiment. Because often only minor deficits are typically seen using the standard (high cue) version of this test [61] , two variations of the task were used. A more difficult version of the place-learning task was included, as the latter version used here is considered more sensitive to spatial learning/memory impairments following adolescent drug exposure to MDMA or Foxy [28] .
A more simple (high cue) version of the place-learning task lasted two days and consisted of training the rats for 10 trials per day. As earlier, the rats were Further, a test of retention was conducted through the use of a probe trial on the second day. This assessment consisted of removing the escape platform and testing the subject for a 60 sec "free swim" not less than two hours after the last place learning trial. Time spent swimming in the target quadrant and the number of crossings over the former platform location were recorded.
The subsequent phase began the following day. A low-cue version of the place-learning task, considered to be more difficult, was accomplished through a reduction in the availability of extra-maze cues to aid navigation. The rats were trained during four consecutive trials per day Task difficulty was increased by placing a white curtain around the water maze as well as a single 60-watt red light bulb, located beyond the curtain and below the horizon of the pool, approximately three meters from the water maze. This effectively left the rat with few visual cues to aid navigation. After successfully locating the platform, the rats were allowed to remain and rest for 15 sec. Lastly, a daily probe trial was administered not less than two hours after the last trial of the daily four-trial series.
3) Spatial Learning Set
A final phase of testing, learning set acquisition, required the animals to learn a new escape platform location daily for five consecutive days. All animals received four consecutive trials per day. Since this task requires the animal to recall its response on the immediately preceding trial, the averaged performance on Trial 2 of each day was used as an index of working (short-term) memory. As before, the rats were allowed to sit on the platform for 15 sec at the completion of each trial.
Assessment of Brain Dopamine and Serotonin Levels
One week after the completion of the last behavioral testing phase of the experiment, the animals were sacrificed by cervical fracture. Immediately thereafter, the brains were removed, the hippocampus, prefrontal cortex and striatum were dissected from 1 mm coronal sections, frozen on dry ice and stored at −80˚C.
Subsequently, the tissue samples were homogenized in cold 0. 
Data Analysis Plan
For the step-down passive avoidance task, step-down latencies were analyzed for the two-day period. For all MWM tasks, escape latencies and navigation errors were the two primary measures of performance. Owning to the fact that optimal swim path distances differed depending on the various start and escape locations, the recorded escape latencies for the four start locations were normalized.
Normalization was accomplished by computing the ratio of the minimum swim distance in cm for each of the two longer swim paths to the escape platform (e.g., a south start location and a northeast goal location) to the minimum swim of the two shorter swim paths (e.g., a north start location and a northeast goal location) trials in cm.
Statistical analyses involved mixed analysis of variance (ANOVAs), with drug group as the between-subjects factor and days, or blocks of trials and days as within-subjects factors. In order to meet the ANOVA assumptions, the time data were transformed using the reciprocal transformation. Post-hoc analyses were performed using Tukey HSD or paired t-tests with a Bonferroni correction to control for multiple comparisons. A priori alpha level for acceptance was set at p < 0.05 and the data analyzed using SPSS [62] .
Results
General Activity
Assessment of the activity data revealed no group differences in the number of squares traversed or in the number of rearings during the measurement period.
Step-Down Passive Avoidance
The step-down passive avoidance data for each measurement period is presented in Figure 1 . In the first assessment period, main effects of drug group, F(2, 18) = 6.50, p < 0.001, and day. Pairwise comparisons of the three groups revealed group differences in escape latency between the two drug groups and the saline-treated rats; but overall, the stepdown latencies of the two drug groups were comparable. More importantly, a significant drug group × day interaction, F(2, 18) = 6.50, p < 0.01, 2 p η = 0.419, was also found. Decomposition of the interaction revealed that while stepdown latencies were comparable across groups on the first day, the saline-treated rats remained on the safe platform significantly longer than either drug group. In addition, unlike the MDMA rats, the Foxy-treated animals remained on the safe platform significantly longer on day two. 
Cued Place Learning
For the cued place learning data, the escape latencies were analyzed using 3 Step-down passive avoidance learning for the MDMA, Foxy, an control groups. *significant change (p < 0.05) in stepdown latency on day 2. +significantly different latency from that of the control group (p < 0.05). 
Easy Place Learning
When the easy place learning data were considered, drug effects, if any, resolved over assessment periods. During the first phase of testing, only the main effects By the 3 rd assessment period, all group differences associated with either main effects or interactions were absent. In addition, as evidenced by similar times spent in the target quadrant, probe trial performances were comparable. This pattern persisted in the 4 th assessment period as well.
Hard Place Learning
Data from the four hard place learning assessment periods are presented in an improvement in escape latencies across the assessment period. In addition, escape latencies were comparable on the probe trials.
A drug-related divergence in performance began to emerge in the 2 nd assessment period. Here, the main effect of days was significant, F(4, 72) = 7.80, p < 0.001, Although drug effects were detected in the 2 nd and 3 rd assessment periods, no drug associated effects were found in the 4 th assessment period and only the main effect of days was significant, F(4, 56) = 5.76, p < 0.01, 
Spatial Learning Set
The results associated with the four assessment periods of Learning set performance are presented in Figure 3 . Here, the data were analyzed using 3 (drug groups) × 2 trials (1 vs. 2) mixed ANOVAs, with trials as a within-subjects effect.
Considering the 1 st assessment period, although the main effect of drug group was nonsignificant, a main effect of trials, F(1, 18) = 56.15, p < 0.001, tests revealed that the saline-treated rats located the platform faster on trial 2 than on trial 1. The performance of these animals was superior to that of the two drug-treated groups on this trial, whereas the trial 2 performances were comparable (see Figure 3) . However, the Foxy rats also found the escape platform more quickly on trial 2 than on trial 1. rats were significantly higher on trial 2 than on trial 1, while no trial 1 vs. trial 2 differences were observed among rats in the other two groups. Thus, MDMAtreated rats were impaired when the expected platform location was changed on trial 2. This observation is further supported by between-group comparisons of trial 2 performance. Here, MDMA group latencies were significantly higher than those of both the saline-and Foxy-treated rats, neither of which differed from the other. Here, the latter two groups did appear to be impaired as a result of the trial 2 shift in platform location (see Period 4).
Assessment of Brain Dopamine and Serotonin Levels
Examination of cortical or subcortical dopamine and serotonin levels revealed no significant differences between the saline and two drug groups or between the MDMA and Foxy-treated animals (all ps > 0.05).
Discussion
While cost-effective, cross-sectional research designs comparing animals of different ages are limited by the possibility of flawed conclusions about changes that occur across time [60] . Often such limitations are discussed in context of research on age-related changes in memory performance [63] . On the other hand, longitudinal designs permit the examination of changes in memory function across a definable period of time, allowing for the examination of time-related change as well as physiological and neural changes [64] [65]. Thus, investigations employing rodent animal models for longitudinal assessment are valuable when examining the long-term effects following exposure to potentially neurotoxic compounds. Additionally, longitudinal research designs permit the empirical examination of pertinent research questions in time frames that are not feasible using longitudinal studies with human adolescents (see [52] for review).
Here, we were able to assess two such compounds, MDMA and Foxy, using an animal model with a significantly shorter lifespan than that of humans.
One unexpected result of the present experiment, was the persistent difference in day two stepdown latencies between the saline and MDMA-treated animals.
While an improvement in the day two performance of the MDMA-treated animals was seen across assessment periods, the saline-treated animals remained on the platform significantly longer than the MDMA-treated rats. While speculative, a number of reports have implicated MDMA in long-term impairments to Mammalian adolescence is a period marked by widespread maturational changes in the brain [21] . In humans, neurocognitive assessments clearly suggest that adolescent development consistently is associated with marked and continued improvement in both information processing speed and tasks that are associated with executive function. Collectively, these tasks measure key executive domains including attention, working memory, decision-making, and inhibition of maladaptive responses [1] . Indeed, development continues throughout adolescence with full maturation of prefrontal and associated cortices not occurring until early adulthood [1] [66] [67] . Further, a number of maturational changes during adolescence to 5-HT brain systems have been elucidated [68] [69]. Differential expression of 5-HT receptors with age has also been reported [70] . As a consequence, the period of mammalian adolescent brain development is one marked by susceptibility to the neurotoxic effects of compounds such as MDMA [3] . Foxy may well produce a similar vulnerability, albeit with a smaller effect. At any rate, there is evidence that MDMA can induce a variety of neuroinflammatory responses in a number of brain regions [3] . For example, adolescent exposure of MDMA is capable of inducing an increase in astroglia [73] as well as increasing both interleukin-1β (IL-1β) and the IL-1β precursor protein (pro-IL-1β) in the rat frontal cortex and hypothalamus [74] .
When different time points in adolescent development are considered, there is convincing evidence that both neurotoxic and neurobehavioral changes normally associated with MDMA exposure are dependent on the age of exposure [75] .
In addition, reductions in hippocampal, striatum, and cortical 5-HT levels 60 days following the final MDMA exposure have been reported [76] , a result that was consistent with other research [27] . Certainly, variables such as frequency and duration of drug exposure are important when considering the neurochemical effects associated with MDMA use [45] [77] . Indeed, there is considerable evidence that exposure to a variety of compounds during childhood may contribute to some neurodegenerative diseases processes in the adulthood [78] . For example, a number of neurodevelopmental processes, such as increases in neural connections and myelination, occur across periods lasting from pre-natal development through late adolescence and early adulthood [79] . Given this, exposure to exogenous compounds during these periods could indeed adversely impact [24] . On the basis of the present study, this appears to have some validity. Nonetheless, future research is warranted, especially as behavioral deficits were found, presumably long after any definitive alterations in 5-HT levels were detected. Indeed, the MDMA and, to a lesser extent, Foxy effects seem to persist for a substantial period following abstinence.
One major finding of our study was a lack of group differences on any of our neurochemical measures. First, the drug effects do differ across species. In mice, as changes in a number of biochemical markers [96] . Conversely, direct evidence of MDMA-related damage to the soma of 5-HT neurons is largely absent [96] .
As evidence of 5-HT neurotoxicity, this latter observation led to the supposition that MDMA is capable of producing a distal axotomy of 5-HT neurons [97] [98].
Generally, there is strong support for this from immunohistological studies reporting a profound loss of fine serotonergic axon terminals throughout the forebrain [99] [100].
Consideration of a human longitudinal study [101] is instructive for the con- ing of exposure appears to be critical [45] . Klomp and colleagues found that, while MDMA exposure produced significant reductions in 5-HTT binding in areas of the brain, the reductions where considerably smaller in adolescent rats when compared to adult rats [49] . Further, the reported reductions were not consistent across all measured areas of the brain since the effect associated with the age of exposure was observed in the frontal cortex but not in the midbrain.
Here, the effect is probably a result of the different points in brain development and maturation of the midbrain in rats [45] . While MDMA-induced 5-HT neurotoxicity varies depending on the age of exposure, from largely absent during gestation to large effects in adulthood, decreased 5-HT or metabolite levels are observed following adolescent exposure and compromised cognitive function can be observed in the absence of discernable damage to 5-HT brain systems [42] .
In addition, García-Cabrerizo and García-Fuster reported that MDMA effects produce impairments of the GABAergic system and neurofilament proteins, at least in the hippocampus [104] . In this study, the effects were observed inde- stimulates acetylcholine release, although this reported effect appears to be minor in comparison to its effects on 5-HT and dopaminergic receptors [115] .
Collectively, the MDMA studies clearly point to learning and memory deficits, with many of the deficits reflective of problems in higher level cognition [15] .
Recently, it has been proposed that some of the memory impairments associated with MDMA could result from inhibition of hippocampal neurogenesis [104] during adolescent MDMA exposure [116] . As Nyberg [15] noted, a number of cognitive processes-contextual memory, spatial memory, and working memory-are directly regulated or influenced by adult hippocampal neurogenesis (see also, [117] To reiterate, much less is known about the effects of Foxy [26] . Foxy has effects on 5-HT systems in the brain, acting on the 5-HT2A receptor [123] as a SERT inhibitor [124] . An increase in corticosterone is associated with MDMA exposure in neonatal [125] , young [126] , and adult rats [127] [128] . Foxy, too, seems to increase corticosterone levels in preweaned and in adult rats [129] [130] but not if introduced during adolescence [129] . Such findings have implications for assessments of cognitive performance since alterations in cortisone and glucose levels can modulate memory [131] .
Among the crucial variables that appear to drive the physiological effects associated these compounds, the dose of these compounds is a key consideration.
While a discussion of this issue is beyond the scope of the present report, one investigation is illustrative. In this study, the effects of daily exposure of MDMA for four days over PNDs 38 to 41 were examined. An MDMA dose of 5 mg/kg had no effect on behavioral measures (e.g., anxiety, place conditioning) while a dose of 10 mg/kg dose produced a number of effects [5] . Further, the monoaminergic parameters were only affected at the 10 mg/kg dose and thus congruent with the behavioral effects. Last, 5-HT hippocampal levels were unchanged following the higher MDMA exposure but were reduced in the amygdala.
While issues associated with interspecies scaling are a concern [132] [133], research using nonhuman primates strongly indicated that MDMA caused cortical 5-HT neuron damage [134] [135], with a marked reduction in 5-HT axons observed seven years after exposure [134] . Similarly, a decrease in 5-HT synthesis in the frontal cortex has been observed in humans who have abused MDMA [136] . However, as noted earlier, owing to the methodological issues associated with MDMA research with human subjects, such reports should be considered with caution.
In summary, when considered alongside of previous research [24] MDMA appears to contribute to a long-term cognitive impairment, even in the absence of lower measured 5-HT. When the literature is collectively considered, mainly 5-HT systems have been studied, although dopaminergic processes have been explored [45] . Indeed, this is especially true for MDMA, even with its considerable literature. What clearly is needed, is an array of research activities that more broadly examine MDMA-induced neurotoxicity are needed [45] . Similarly, research consideration should apply to Foxy as well.
Limitations
Although the use of a longitudinal design in our study allowed for the examination of the long-term consequences of MDMA or Foxy following exposure in adolescence, there are still limitations that should be mentioned. First, the origi-
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nal sample size was less than optimal for a study lasting more than a year. Certainly, the loss of one animal in each group was a foreseeable yet undesirable consequence. Thus, the statistical power of the present study is limited. An additional limitation of the present study was the use only male rats. There continues to be concerns raised when including female animals such as an increase in data variability [137] usually justified by concerns of hormonal fluctuation in the female estrus cycle [138] . Given that such concerns are not necessarily supported by the evidence [138] , the current guidelines of the National Institutes of Health encourage consideration of both sexes [139] . As such, the results here should be considered in light of this limitation, especially since sex differences in the effects 
